HIC1 is a newly discovered tumor suppressor and transcriptional repressor that is frequently silenced in human tumors. HIC1 protein expression has been linked to better outcomes in breast cancers. The molecular mechanism underlying HIC1-mediated transcriptional and growth suppression, and the relevant targets of HIC1-mediated transcriptional modulation, is currently unclear. We have identified an HIC1 DNA-binding site in E2F-responsive gene promoters and demonstrate that HIC1 targets E2F-responsive genes for transcriptional regulation and growth suppression. We and others have recently discovered that Brg1, a central component of the SWI/ SNF chromatin-remodeling family, is required for the transcriptional regulation of multiple cell cycle controlrelated genes, including E2F-responsive promoters. We studied HIC1 interactions with, and dependence upon, Brg1 activity, and found that HIC1 can recruit Brg1 to E2F-responsive promoters and that its transcriptional repression of these genes is dependent upon Brg1. These data indicate that HIC1 is a central molecule in a novel mechanism controlling cell growth and that the disruption of this HIC1-mediated pathway may lead to abnormal cell proliferation and, ultimately, cancer.
Introduction
Brg1 is a central ATP-dependent chromatin-remodeling molecule of the SWI/SNF complex family that was found to be associated with transcriptional regulation of multiple genes critical to cell cycle control and growth regulation (Dunaief et al., 1994; Dasgupta et al., 2004; Wang et al., 2004; Giacinti and Giordano, 2006; Inayoshi et al., 2006; Zhang et al., 2007) . Earlier studies revealed that Brg1 contains conserved SWI/SNF family domains that are essential for cell growth and transcriptional activation. Other evidences have demonstrated that Brg1 is required for the activation of certain genes, and Brg1 was initially considered to be a transcription activator (Dunaief et al., 1994) .
Subsequent investigations, however, led to the discovery of Brg1 involvement in transcriptional repression. Brg1 was found to associate with Rb and its family members, and to participate in the repression of E2F-responsive genes and growth suppression (Dunaief et al., 1994; Betz et al., 2002) . We have recently established that Brg1 is also required for the transcriptional repression mediated by prohibitin . The potential importance of Brg1 in the development of cancer, including breast cancer, was further supported by the discovery of mutations of Brg1 in many cancer cells (Strobeck et al., 2001) .
The molecular mechanisms of Brg1-mediated transcriptional repression have been recently investigated. We and others have discovered that the Brg1 and Brm ATPase components of SWI/SNF complexes are recruited by repressors of E2F to E2F-responsive promoters and are required for the repression of E2F-mediated transcription and growth control (Wang et al., 2002b Banine et al., 2005) .
To further investigate the precise molecular mechanism involved in the Brg1-mediated transcriptional regulation, we attempted to identify additional proteins that may associate with Brg1 and discovered that a novel tumor suppressor, HIC1, interacts with Brg1. HIC1 is a newly discovered tumor suppressor and transcriptional repressor (Bertrand et al., 2004) that is found to be silenced in certain cancers, due, in many cases, to the methylation of its promoter Aggerholm et al., 2006; Britschgi et al., 2006) . Recent data indicate that HIC1 collaborates with p53 and plays critical roles in the regulation of cell growth and death . Disruption of HIC1 predisposes mice to a gender-dependent spectrum of malignant tumors (Chen et al., 2003) . A clinical study demonstrated that the expression of HIC1 is associated with a good outcome in human breast cancers (Nicoll et al., 2001) , suggesting the potential importance of HIC1 as a target for diagnosis, prognosis and treatment of breast cancer. The molecular mechanism of HIC1-mediated transcriptional repression is not yet defined.
A screen using synthesized oligos identified a potential HIC1 consensus sequence (Pinte et al, 2004b) .
The genes that are targeted by the HIC1 tumor suppressor have not been fully defined. A recent study indicated that HIC1 binds to the promoter of the class III histone deacetylase Sirt1 at a GGCA motif and regulates its transcription, which in turn modulates p53-dependent DNA-damage responses . We show here that Brg1 is indeed required for HIC1-mediated transcriptional regulation of Sirt1. Upon discovering that HIC1 interacts with Brg1, a known regulator of transcription and growth, we speculated that the HIC1 tumor suppressor may require the SWI/SNF family to target the cell cycle control machinery through E2F. We show here that HIC1 targets E2F-responsive genes for transcriptional regulation and growth suppression, and this repression is dependent upon Brg1. Depletion of HIC1 by small interfering RNA (siRNA) resulted in the release of growth arrest. In light of the recent studies suggesting that G 1 -S phase cell cycle transit does not appear to be regulated by Rb under normal circumstances (Takahashi et al., 2000) , alternative mechanisms in the normal cell cycle control therefore remain to be discovered (Stevaux et al., 2002) . Our novel finding of E2F regulation by HIC1 in collaboration with SWI/SNF family members may represent one new level of control at this critical transition point.
Results

HIC1 interacts with SWI/SNF family members
Earlier studies demonstrated the involvement of SWI/ SNF complex in the Rb-mediated E2F regulation (Strobeck et al., 2001) . We recently discovered that Brg1 also participates in the regulation of transcription by E2F through an Rb-independent mechanism (Fusaro et al., 2002; Wang et al., 2002b Wang et al., , 2004 . We extended our studies to investigate the molecular basis of Brg1-mediated growth suppression and transcriptional repression by identifying additional Brg1-interacting factors. HIC1 was of particular interest because of its newly discovered roles in transcriptional regulation and its potential links with cancer development. Furthermore, HIC1 expression is associated with good outcomes in breast cancer and we have recently reported that Brg1 is required in tamoxifen-induced growth suppression of breast cancer cells (Nicoll et al., 2001; Wang et al., 2004) . We first tested whether HIC1 can physically interact with Brg1. HIC1-associated protein complexes were immunoprecipitated from human primary fibroblast cell extracts (Wang et al., 1998) with an anti-HIC1 antibody or control (anti-Myb) antibody, followed by immunoblot (IB) analysis using an antiBrg1 antibody. As shown in Figure 1a , Brg1 was detected in the HIC1 immunoprecipitates, indicating the ability of these molecules to associate. A reciprocal immunoprecipitation (IP)/IB was also performed that confirmed the association (data not shown). To further verify this novel interaction, IP/IB was also performed in MCF7 cells (which do not express HIC1) transfected with a Flag-tagged HIC1, the expression of which was confirmed by IB analysis using an anti-Flag antibody (Figure 1b) . The extracts of the Flag-HIC1-transfected MCF7 cells were then IP using anti-tubulin (control) or anti-Flag antibody followed by IB analysis using antiBrg1 or control (anti-Myb) antibody. Brg1 was detected in the Flag-HIC1 immunoprecipitates, confirming the association of these molecules (Figure 1c ). The reciprocal IP/IB was also performed, which confirmed the interactions (data not shown). S-labeled proteins indicated were incubated with GST or the indicated fusion proteins, followed by pull-down analysis using standard protocols. RL represents the 35 S-labeled proteins without binding. GST, glutathione S-transferase; PAGE, polyacrylamide gel electrophoresis.
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To further confirm the association between HIC1 and Brg1 and determine whether it is direct, we performed an in vitro glutathione S-transferase (GST) pull-down assay, following protocols we have reported earlier (Wang et al., 1998 (Wang et al., , 1999a (Wang et al., , 2002a . As shown in Figure 1d , a direct association between HIC1 and GST-Brg1 was detected. There was no association between HIC1 and the control GST or GST-DP1 (an E2F1-binding partner) protein, demonstrating the specificity of the association. The GST pull-down assay was repeated in the reciprocal fashion, which confirmed the association (Figure 1d ).
We and others have recently established that Brg1 is a novel regulator of E2F activity (Dunaief et al., 1994; Fusaro et al., 2002; Wang et al., 2004) . We therefore determined whether HIC1, as a transcriptional regulator and binding partner of Brg1, can also modulate E2F-mediated transcription. Reporter assays in HSF8 cells were performed to address this question. Transfection of HIC1 (expression confirmed by IB analysis, data not shown) repressed the positive control, a luciferase reporter the activity of which is controlled by HIC1-binding sites (Pinte et al., 2004a;  Figure 2a) ; ectopic expression of HIC1 also effectively repressed an HIC1 requires Brg1 for transcription regulation B Zhang et al E2F-responsive luciferase reporter, to a similar extent as did the established repressors of E2F-mediated transcription (Rb and prohibitin; Figure 2a ). HIC1 did not affect the control cFos gene activity, as shown in Figure 2a , confirming the specificity of its actions. The molecular mechanism of HIC1-mediated transcriptional repression is not yet elucidated. A recent investigation identified a potential HIC1 consensus DNA-binding sequence (GGCA) (Pinte et al, 2004b) . The functional importance of this consensus sequence is further suggested by recent reports that demonstrated that the SIRT1 gene is targeted by HIC1 at this consensus site . To test whether the repression of E2F-responsive transcription by HIC1 involves a direct association with the gene promoter, we first surveyed the human E2F1 promoter sequence. A sequence matching the consensus HIC1-binding site (GGCA) was identified on the E2F1 promoter (position 1644; GenBank accession no. U47675). We therefore tested whether HIC1 can indeed bind to the E2F1 promoter, using a chromatin immunoprecipitation (ChIP) assay . Unsynchronized, actively growing HSF8 cells were treated to cross-link DNA and protein, followed by IP with anti-HIC1 antibody or control antibody. The cross-linking was then reversed and the DNA recovered from the immunoprecipitates was analysed by PCR, using a pair of primers that span the E2F/HIC1 consensus site. As shown in Figure 2b , an amplified product was detected in the HIC1 immunoprecipitates of HSF8 cells for the E2F1 promoter, but not for the cFos promoter (a non-E2F-responsive promoter, used here as a control), indicating that HIC1 can indeed associate specifically with an E2F-responsive promoter. A ChIP assay on the same E2F promoter using an irrelevant control antibody (anti-tubulin) failed to generate any product, confirming the specificity of the ChIP assay ( Figure 2b ).
Brg1 is required for HIC1-mediated transcriptional repression
We next examined whether Brg1 might participate in HIC1-mediated transcriptional regulation. The first studies were carried out in SW13 cells, which lack Brg1 (Wang et al., 2002b) . Expression of HIC1 in the Brg1-negative SW13 cells failed to repress the activity of either the endogenous Sirt1 (an HIC1-responsive gene) or E2F1 (an E2F-responsive gene) gene (Figure 3a ). Coexpression of Brg1 together with HIC1, however, induced strong repression of both genes (Figure 3a ), which correlated with the recruitment of HIC1 and Brg1 to the promoters of these genes ( Figure 3b , ChIP, HIC1, Brg1). Expression of HIC1 and Brg1 after transfection in these studies was verified by IB (not shown). Transfection of Brg1 alone, without HIC1, produced only modest repression, suggesting that Brg1 is required for HIC1-mediated transcriptional repression ( Figure 3 ).
To test whether the HIC1 and Brg1 co-occupy these HIC1-responsive promoters, we performed a sequential double-ChIP assay that is a slight modification of the established ChIP protocol we have reported (Wang et al., 2002b , on the same endogenous gene promoters, using an anti-HIC1 antibody for the first round of IP and an anti-Brg1 antibody for the second round of IP, followed by amplification and quantitation. The reciprocal double-ChIP assay was also performed. These assays of promoter occupancy indicated cooccupancy by HIC1 and Brg1 on these HIC1-responsive promoters (data not shown).
To further verify the necessity of Brg1 in HIC1-mediated transcriptional repression, the activity of the endogenous Sirt1 and E2F1 gene promoters was evaluated after repression of Brg1, using siRNA knockdown and the dominant-negative Brg1 strategy we have established earlier (Wang et al., 2002b . As shown in Figure 4a , the activity of both the endogenous Sirt1 and E2F1 genes was effectively repressed when HIC1 was overexpressed. This repression, however, was reversed by the co-transfection of a dominant-negative Brg1 or a Brg1 siRNA, which depleted Brg1 in the cells (knockdown confirmed by IB shown in Figure 4b , and further verified by quantitative reverse transcriptase PCR (RT-PCR) analysis, Figure 4c ), confirming the necessity of Brg1 in the HIC1-mediated transcriptional repression of endogenous HIC1-responsive promoters. HIC1 expression failed to affect a non-E2F-responsive promoter (cFos) (Figure 4a ). The experiment was repeated using three different siRNAs specific for the Brg1 gene, all of which generated comparable results (data from one siRNA is shown in Figure 4) .
As shown in Figure 3 , HIC1 and Brg1 both associate with the endogenous Sirt1 and E2F1 gene promoters in SW13 cells. We and others have established earlier that Brg1 and its SWI/SNF co-regulatory components are recruited to targeted promoters by certain transcription factors (Wang et al., 2002b . We therefore tested whether the requirement for Brg1 in HIC1-mediated transcriptional repression correlates with its recruitment by HIC1 at responsive promoters, and our results show that promoter occupancy of HIC1 and Brg1 was induced significantly when HIC1 was ectopically expressed by transfection and the transcriptional activity of these responsive genes was coincidently repressed, suggesting that HIC1 may recruit Brg1 for transcriptional repression (Figure 5a ). Ectopic expression of HIC1 did not affect SP1 association with the cFos promoter (control), confirming the specificity (Figure 5b ).
To further elucidate the role of a Brg1-containing complex in HIC1-mediated transcriptional repression, we investigated the necessity of HIC1 in the recruitment of Brg1 to responsive promoters. As shown in Figures  6a and b , transfection of a vector-based siRNA depleted HIC1 from HSF8 cells. This HIC1 depletion induced an increase in transcripts from the endogenous E2F1 gene (Figure 6c ). This release of transcriptional repression in a responsive gene when HIC1 was depleted correlated with decreases in Brg1 occupancy at the promoter of the E2F1 gene (Figure 6c) . The experiments were repeated on another HIC1-responsive gene, the Sirt1, which produced similar results (data not shown). Depletion of HIC1 requires Brg1 for transcription regulation B Zhang et al HIC1 using a second independent siRNA against HIC1 (depletion of HIC1 again confirmed by both IB and quantitative RT-PCR) produced similar results (data not shown).
HIC1 is required for growth arrest
A recent report linked expression of the HIC1 protein with a good clinical outcome in breast cancer, suggesting a role for HIC1 in growth control (Nicoll et al., 2001) . The regulation of E2F transcriptional activity by HIC1 demonstrated above, along with a report showing the regulation of p53 by HIC1, further suggested a potential role for HIC1 in cell cycle control. We therefore tested the activity of HIC1 in growth regulation. Human primary fibroblast cells (HSF8) were stably transfected with either vector-based control siRNA or a specific HIC1 siRNA that depleted cellular HIC1 (confirmed by IB analysis and quantitative RT-PCR, data not shown). These transfected HSF8 cells were exposed to serum starvation, achieved by withdrawing serum for 72 h. The cell cycle profiles of these cells were then analysed by propidium iodide staining and flow cytometry. Serum starvation induced a G 0 /G 1 arrest in the control cells ( Figure 7 , compare panels 1, 2 and 3) as expected, but this growth arrest did not occur in those HSF8 cells in which HIC1 had been depleted, indicating the necessity of HIC1 in serum deprivation-induced growth arrest at the restriction point ( Figure 7 , panel 4).
To further verify the necessity of HIC1 in the induction of growth suppression, a colony-formation assay was performed. Serum starvation dramatically repressed the number of colonies generated by the control cells (transfected with an empty vector or a control siRNA), demonstrating the expected growthinhibitory effect (Table 1) . However, as shown in Table 1 , this suppression of growth by serum starvation was released when the level of HIC1 protein was suppressed by transfection of HIC1 siRNA (suppression of HIC1 levels in these cells was confirmed by IB analysis and by quantitative RT-PCR, data not shown). 
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As demonstrated above, HIC1 associates with the E2F1 promoter. As HIC1 is required for the growth suppression induced by serum deprivation (Table 1 and Figure 7 ), we hypothesized that the recruitment of HIC1 to responsive promoters may be regulated in a cell cyclespecific manner. To test this possibility, we prepared a G 0 cell population and a late G 1 population of HSF8 cells by serum starvation and release, respectively (Wang et al., 1998) . E2F1 and HIC1 gene expression was assayed by quantitation of transcript levels. HIC1 association with the E2F1 promoter was also analysed by ChIP assay. As shown in Figure 8a , a strong signal for HIC1 occupancy was detected in the G 0 stage, a time when E2F1 promoter activity is repressed, but not in late G 1 phase cells, when the E2F1 promoter is transcriptionally active (confirmed by transcript levels in Figure 8b ), indicating the cell cycle-specific recruitment of HIC1. Conversely, recruitment of E2F1 to the promoter was detected in the late G 1 , but not the G 0 , cell population, as expected (Figure 8a ). Quantitative RT-PCR revealed that the level of expression of HIC1 is also cell cycle regulated and correlated temporally with its pattern of association with E2F-responsive promoters ( Figure 8b ). As HIC1 requires Brg1 for the repression of E2F1 gene expression, and the two molecules co-occupy HIC1-responsive promoters simultaneously, we tested for co-occupancy during different stages of the cell cycle by sequential (double) ChIP assay. As described above, the first IP was performed using an anti-HIC1 antibody, followed by a second round of IP on the HIC1 immunoprecipitates, using an anti-Brg1 antibody, followed by amplification and quantitation. As shown in Figure 8a , a signal was detected in G 0 cells by the double-ChIP assay, but not in the late G 1 population, indicating HIC1/Brg1 cooccupancy on the E2F1 promoter at the G 0 stage of the cell cycle. We further confirmed this result by the reciprocal IPs, using an anti-Brg1 antibody IP first, followed by an anti-HIC1 IP and amplification (Figure 8a) . Interestingly, recruitment of Brg1 to the promoter was also detected in the late G 1 cell population, although no HIC1/Brg1 double occupancy was observed at that stage of the cell cycle, suggesting that Brg1, in the absence of HIC1, also participates in the transcriptional activation of the E2F1 gene. DoubleChIP assay for E2F1 and HIC1 was also performed and revealed that these two molecules never co-occupied the E2F1 promoter. A control experiment, demonstrating the expected co-occupancy by E2F1 and DP1 in late G 1 phase, validated the double-ChIP assay (Figure 8 ).
Discussion
The newly discovered tumor suppressor HIC1 serves as a transcriptional repressor (Pinte et al., 2004b; and growth repressor, but the molecular mechanisms involved in HIC1-mediated transcriptional repression or growth control have not yet been fully defined. Recent reports indicate that HIC1 regulates p53 through the repression of Sirt1 transcription , suggesting the possibility that HIC1 might suppress cell proliferation HIC1 requires Brg1 for transcription regulation B Zhang et al through control of p53 activity. It has been well established that E2F collaborates with p53 in growth control, and a recent investigation revealed that Sirt1 modulates the E2F pathway by targeting the Rb tumor suppressor family (Wong and Weber, 2007) . Ever since the seminal discovery of the functional interaction between the Rb tumor suppressor and the E2F transcriptional factors, the role of E2F has become a central focus of study regarding cell cycle regulation and cancer development (Nevins, 2001) . Despite the tremendous advances made in this field, however, the precise mechanisms involved in the regulation of E2F transcriptional activity are not yet fully elucidated. Earlier studies indicated the important roles of Rb and its family members in E2F regulation. Yet, more recent technological advances allowing promoter-specific examination of regulatory complexes, such as ChIP assays, have produced findings that cast doubt on the traditional model in which Rb plays the central role in E2F regulation. For example, Rb is not found to associate with E2F-responsive promoters during normal cell cycle progression, and has therefore been theorized to serve as an E2F repressor only in specialized stress situations (Takahashi et al., 2000) . These new developments inevitably raise the question as to what molecule(s) serves as the regulator of E2F-responsive genes during normal cell cycle progression, if not Rb. The findings elucidated in this study indicate that the novel tumor suppressor HIC1 could serve as the alternative repressor of E2F-responsive genes. As discussed above, HIC1 is a transcriptional regulator that might cooperate with p53 for growth suppression (Chen et al., 2004 Britschgi et al., 2006) . The data presented in this report reveal that HIC1 can also regulate E2F-responsive genes directly and repress cell growth. Significantly, depletion of HIC1 resulted in the abrogation of normal G 1 /S arrest, demonstrating the strict necessity and fundamental role of HIC1 in growth suppression in response to growth factor deprivation.
The molecular mechanism underlying HIC1-mediated transcriptional regulation is not yet clear. Recent biochemical studies identified HIC1-binding consensus sites (GGCA) (Pinte et al, 2004b; Britschgi et al., 2006) . These potential HIC1-binding sites were later discovered in the Sirt1 promoter, which was recently established to be HIC1 responsive Britschgi et al., 2006) . Our results now establish that the E2F1 gene, which encodes an HIC1 consensus binding site in its promoter, is also targeted by HIC1. This discovery suggests a novel critical regulatory mechanism in E2F regulation. We have initiated studies (beyond the The requirement for Brg1 in HIC1-mediated transcriptional regulation and growth suppression demonstrates the critical role of chromatin-remodeling molecules in this machinery. ChIP assay results (shown in Figure 3 ) indicate that HIC1 may recruit Brg1 only after binding to the responsive promoters; this result suggests a novel regulatory mechanism that achieves transcriptional regulation by temporally regulated association between HIC1 and its co-repressors on targeted promoters. Brg1 is the central core catalytic molecule in SWI/SNF complexes, which contain up to 10 other different proteins, varying according to their activity and specific promoter occupancy. The precise mechanisms involved in the SWI/SNF-mediated transcriptional regulation have been under intensive investigation since the discovery of their involvement in E2F regulation. Brg1 and its related molecules were initially discovered for their contribution to transcriptional activation. We and others, however, have established that this group of chromatin-remodeling molecules is also involved in transcriptional repression (Fusaro et al., 2002; Wang et al., 2004) . Interestingly, we have recently reported that Brg1 and its related molecules can perform as either suppressors or activators of transcription on the same promoter, depending upon the composition of the complexes they form, suggesting their possible role as a mode-changing mechanism to switch promoters between activated and repressed states. For example, Brg1 was found to be recruited and required for the activation of ER-mediated transcription in response to estrogen. Paradoxically, Brg1 was also recruited and required for the repression of the ERmediated transcription in response to estrogen antagonists (Zhang et al., 2007) . We found here that Brg1 occupies the E2F1 promoter during both G 0 and G 1 stages of cell cycle, times when the promoter is either repressed or active, respectively (shown in Figure 8 ). This finding further indicates the potential involvement of Brg1 in diverse and opposite aspects of the transcriptional regulation of E2F1. The molecular mechanisms underlying these dichotomous actions of Brg1 are currently under investigation.
The importance of the E2F pathway in cancer development has been well established. However, the mechanisms linking cancer development and E2F-controlled cell cycle progression have not been fully elucidated. The discoveries presented in this report link the novel tumor suppressor HIC1 with the regulation of the E2F node. HIC1 was initially identified based on its inactivation in multiple cancers (Melki et HIC1 requires Brg1 for transcription regulation B Zhang et al Aggerholm et al., 2006) . Recent studies demonstrated a clear correlation between HIC1 expression and good outcomes of human breast cancers. Our data indicate that HIC1 is a critical molecule required for appropriate cellular growth suppression in response to physiological antiproliferative signals such as growth factor availability, and may mediate this cell cycle control through its regulation of the E2F node.
Materials and methods
Transfections HSF-8, MCF7 and SW13 cells were transfected by calcium phosphate precipitation following standard protocols. A total of 2 mg of the plasmids were used for a 10 cm dish, unless noted otherwise. Plasmids pCDNA3-Raf-1 (Wang et al., 1999b) , E2Luc, pSVRb (Wang et al., 1999b) and pCDNA3FlagHIC1 (wild-type HIC1) have been described earlier (Guerardel et al., 1999; Deltour et al., 2002; Bertrand et al., 2004; Lefebvre et al., 2004; Pinte et al., 2004b; Chopin and Leprince, 2006; Stankovic-Valentin et al., 2006) . Vector-based pRNAT-U6.1/ Neo-HIC1-siRNA and control vector were purchased from GenScript Corporation (Piscataway, NJ, USA) and transfected into cells according to the supplier's protocols. Brg1 siRNA has been described earlier (Fusaro et al., 2002; Wang et al., 2004) . Sequences used for HIC1 siRNA were (1) ACG TGATCATCGTGGTGCAGA and (2) CAACCUGUACGU GUGCAUU.
Immunoprecipitation and immunoblotting
Immunoprecipitation and IB procedures have been described earlier (Fusaro et al., 2002; Wang et al., 2004) . Flag antibody (CAT no. F-3165) was purchased from Sigma (St Louis, MO, USA). Prohibitin antibody (CAT no. 11-14-10) was purchased from Lab Vision Products, Thermo Fisher Scientific (Fremont, CA, USA). The following antibodies were purchased from Santa Cruz Biotechnology ( Santa Cruz, CA, USA), Brg1 (CAT no. sc-17796), HIC1 (CAT no. sc-28703) and tubulin (CAT no. sc-8035).
GST pull-down assay GST pull-down assay was described earlier (Wang et al., 1998) . GST-HIC1 was produced by cloning the synthesized fulllength human HIC1 into the pGEX-4T vector (GE Healthcare Life Sciences Inc.; CAT no. 27-4580-01) at BamHI and XhoI sites (confirmed by sequence analysis). Full-length human Brg1, pE2F1 and DP1 vectors were described earlier (Wang et al., 1999a; Zhang et al., 2007) .
Quantitative PCR and RT-PCR
Experiments were performed by following protocols we have recently reported (Dai et al., 2007 (Dai et al., , 2008 . Briefly, quantitative PCR was performed using Applied Biosystems 
ChIP assays
The detailed protocol for the ChIP assay of the endogenous E2F1 gene promoter was described earlier (Wang et al., 2002b Dai et al., 2007 Dai et al., , 2008 . Primers for the cFos and b-actin genes (control) were described before (Dai et al., 2008) . Double-ChIP assay was performed by same procedure, except that a second round of IP was performed on the immunoprecipitated products of the first IP, before quantitative PCR amplification. PCR primers for ChIP assay on E2F1 promoter: 5 0 -GCAG CCAATTGTGGCGGC-3 0 ; 5 0 -GACGCTCACGGCCCG-3 0 .
PCR primers for ChIP assay on Sirt1 promoter: 5 0 -TTGGT TGCCTAAAGTCACGCAGGT-3 0 ; 5 0 -TGCCTGGAGCAC AGCGTTTCTATC-3 0 Colony-formation assay The protocol for the colony-formation assay was described earlier (Fusaro et al., 2002; Wang et al., 2004) . Briefly, HSF8 cells were cultured in 0% serum (serum starvation) or 10% fetal bovine serum, in RPMI. The cells were transfected with the vectors indicated in the text and transfectants were selected by culture in G418 (100 ng/ml) for 14 days. The cells were then fixed and stained, and the colonies with 20 or more cells were scored. Figure S2C , change 'CXCL8' to 'TGF-b1'. We were previously confused and used the human data of CXCL8. We apologize for that. Mouse does not have CXCL8. We have now provided the modified Figure S2 .
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Requirement for chromatin-remodeling complex in novel tumor suppressor HIC1-mediated transcriptional repression and growth control The authors wish to retract this article after examination of the publication raised concerns that the primary real-time PCR data, which underlie several of the figures in the article, may not be accurate. The integrity of all of the data presented therefore cannot be assured.
